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203 (2) Evidence was also obtained which indicates that the carbon-to-hydrogen bonds of carbon I and 6 of glucose are transported intact. Therefore, the occurrence during transport of a reaction in which either of these bonds is cleaved appears unlikely.
C ONSIDERABLE DATA bearing upon the specificity and mechanism of hexose transport by the intestine are now available.
Structural requirements for active sugar transport by the intestine of the hamster have been partially established (I, 2) and evidence has been presented which appears to exclude phosphorylation from direct participation in the transport mechanism (3, 4). These observations have now been extended. First, the restrictions which limit active transport of compounds differing from glucose and galactose by the modification of the carbon I grouping have been investigated by a study of a series of glycosides. Secondly, the availability of 5-deoxyglucose has permitted a test of the specificity of transport for a hexose differing in structure from glucose at carbon 5. especially to be considered with regard to carbon 6 since hexoses, but not pentoses, are transported against a concentration gradient (5).
EXPERIMENTAL PROCEDURES
Methods.
The glycosides and 5-deoxyglucose were tested for transport in an everted sac preparation from hamster intestine in the manner previously described (6). For the mucosal solution 3.0 ml of modified KrebsHenseleit -medium containing the sugar to be tested was used and 1.0 ml was introduced into the sac. Only small changes in the volume in the sacs were observed at the completion of incubation. Glycoside concentrations were usually determined by Nelson's copper reduction methad after hydrolysis of a Ba(OH)2 -ZnS04 filtrate (7) of the sugar solution in I N HCl at I oo C for 1-2 hr, and subsequent neutralization with NaOH.
In some experiments an anthrone determination (8) was employed.
The absence of reducing properties in the medium prior to treatment with HCl was used to demonstrate that hydrolysis did not occur during incubation. The concentrations of 5-deoxyglucose were determined by the Somogyi-Nelson method (7). To assess the stability of the carbon-hydrogen bonds of carbon 6 of glucose during transport, glucose-&Cl4 and glucose-6-H3
were added together on the mucosal side of the intestinal sac to make a final concentration of 5 mM and nonradioactive glucose was added to the serosal medium at the same concentration. After incubation for go min the ratios of the Cl4 to H3 activity in the glucose of the mucosal and serosal solutions were determined and compared with the initial ratio. The determination of the ratios was made by the preparation of glucosazones from aliquots of the solutions after addition of carrier glucose, conversion of the glucosazones to isotriazoles, and assay of the isotriazoles in a scintillation counter using a xylene-ethanol-boric acid solvent with a ,5-diphenyloxazole (DPO) as phosphor (9). Glucose concentrations were determined by the SomogyiNelson method on aliquots of the solutions to assure that a concentration gradient had developed during incubation. To assess the stability of the carbon-hydrogen bond of carbon I, ar-methylglucosides from glucose-~ -Cl4 and glucose-I -H3 were prepared (I 0). These were added to the mucosal side of the sac at a concentration of 5 mM and nonradioactive methylglucoside was added on the serosal side at the same concentration.
After incubation the solutions were deproteinized and hydrolyzed and the reducing content was determined on aliquots to junum, so that no definite conclusion for or against the occurrence of active transport could be made. Glycosides were found to inhibit the movement of actively transported sugars in all four cases investigated. Table  I records data demonstrating the inhibition of galactose transport by ,&phenylglucoside. This compound and three other glucosides were also found to inhibit the transport of 6-deoxyglucose ( Table 2 ). The apparent Kt (analogous to the K, of enzyme kinetics) was calculated from the previously determined K, for 6-deoxyglucose (x5) and the observed inhibition. It is assumed in the calculation that Michaelis-Menton kinetics exist and that the inhibitor competes with the substrate for a common site in the transport system. Table 3 records the results of incubations of intestinal sacs with 5-deoxyglucose.
This sugar was not transported against a concentration gradient and was recovered unchanged at the end of incubation. It was also found (not recorded in the table) that 5-deoxyglucose (5 mM) did not interfere with the transport of glucose (IO mM).
In Table 4 are recorded the ratios of Cl4 to H3 activity in the glucose from the mucosal solution before incubation, and in the mucosal and serosal solutions after incubation of sacs with glucose-6-H3 ,C4 and methylglucoside-I -H3, C 14. In no experiment did the ratio of Cl4 to H3 change as a result of-absorption across the intestinal wall. The concentrations of glucose and methylglucoside in the serosal solutions at the completion of the incubations were severalfold greater than their initial concentrations so that much, if not all, of the labeled sugar in the serosal solutions at the completion of the incubation was actively transported. four of the glucosides have been demonstrated to inhibit the transport of galactose or 6-deoxyglucose, sugars which share a common transport system with glucose (I 5, I 7).
It would appear that steric or configurational factors limit, to some extent, the process of transport.
Thus, glucosides with the smallest aglycone, i.e., methyl, ethyl, and isopropyl, were the most extensively concentrated. A somewhat similar situation has been found with g-0-alkyl ethers, a small group being tolerated better than a large one (I 6). As the hydroxyl function of carbon 2 must be retained for transport, a large group in the position I or 3 may interfere with this function.
On the other hand, a number of rather large substituent groups on the hydroxyl at carbon I of the glucose molecule do not completely block transport. Indeed, the apparent affinity for the system of phenyl andp-hydroxyphenyl glucosides is of the same order of magnitude as for CY-or /3-methylglucoside or glucose itself. It would therefore seem reasonable to conclude that the hydroxyl at carbon I is not directly involved in the interactions between the sugar and the transport apparatus. A few speculations bear on these observations. If the active site of the sugar transport system were in close proximity to small water-filled pores, increasing the size of the sugar molecule would be expected to reduce its affinity. If, on the other hand, the active site were associated with a lipid area of membrane, a large lipophilic aglycone such as the phenyl group might not affect the affinity.
The latter possibility is consistent with the experimental observaticn that phenylglucoside and phydroxyphenylglucoside have a high affinity for the sugar transport
system. An additional possibility cannot
